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The scope of this investigation of the effect of duo-
denectomy in dogs is twofold: (1) to determine
whether the duodenum is absolutely necessary to life,
and (2) to determine its r\l=o^\lein the functioning of the
gastro-intestinal canal.
From a practical surgical standpoint, duodenectomy

is probably of very little consequence, although several
partial resections have been performed satisfactorily.
From the physiologic point of view, however, the oper-
ation is significant. The duodenum occupies a very
important anatomic and physiologic position just distal
to the stomach, and is seemingly intimately associated
with the physiology of that organ, with special refer-
ence to its mechanism for emptying. The liver and
pancreas discharge their secretions into the duodenum,
which bears some relation to the manner in which these
organs functionate. In addition to this, the duodenum
itself elaborates a secretion and contains glands (Brun-
ners) which are found only in this part of the body.
It is thus possible that the duodenum is of importance
in the general physiology of the organism and plays a

necessary part in the function of the gastro-intestinal
tract and in digestion. It seems logical, therefore, to
believe that the removal of the duodenum will produce
noticeable effects, and that the compensation of the
body to its removal will make possible an evaluation of
its real importance.

PREVIOUS EXPERIMENTATION

The first experiments recorded in the literature of
the removal of the duodenum were made for the pri¬
mary purpose of attempting to determine the relative
part the duodenum and pancreas play in the production
of experimental diabetes, and not for the purpose of
determining the function of the duodenum. The results
of the experiments of this group of early investigators.
Pflüger,1 Ehrmann,2 Lauwens,3 Minkowski,4 Cimoroni,5
Tiberti,6 Rosenberg7 and Bickel8 may be grouped under
definite headings. All the experiments were performed
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on dogs, with the exception of Pfiuger's ; some of his
were done on frogs. The method of removing the
duodenum varied. In no instance was a complete,
normal reconstruction made. The continuity of the
gastro-intestinal tract was maintained either by a

gastro-enterostomy (Lauwens, Minkowski, Cimoroni,
Tiberti, Rosenberg, Bickel) or by an end-to-end anasto¬
mosis of the jejunum to the pyloric end of the stomach
(Ehrmann, Tiberti). The bile and pancreatic secre¬
tions were taken care of by :

1. Ligation and complete occlusion of both ducts (Ehr¬
mann).

2. Cholecystenterostomy and ligation of the pancreatic ducts
(Minkowski, Tiberti, Rosenberg).
3. Biliary fistula and ligation of the pancreatic ducts

(Cimoroni, Tiberti).
4. Biliary and pancreatic fistulas (Lauwens, Bickel).
5. Transplantation of both ducts into the stomach (Ehr¬

mann, Lauwens).
The results of these investigations were not very

satisfactory. In most instances the animal died shortlyafter the operation ; in only a few instances did. it
recover from the immediate effects of the operation.Two of the animals lived two weeks (Lauwens), one
three weeks (Rosenberg), two four weeks (Minkow¬ski), and one four and one-half weeks (Bickel). The
final results of some of these experiments are incom¬
plete.
Gaultier9 studied the effect of injury to the duodenal

mucosa in animals, and Zak10 reported observations on
the effect of caustics on the duodenum in man.

Matthews11 studied the effect of various types of
experimental operations on the duodenum. The duo¬
denum was not actually removed in his experiments.
Stassoff,12 in a research on the effect of the removal of
various portions of the gastro-intestinal tract, also
removed the duodenum. None of his animals in
which the duodenum was completely removed survived.
He was able to keep one animal alive in which the
portion of the duodenum distal to the entrance of the
bile duct was resected.

Since the early investigators of duodenectomy were

mainly interested in the relation of the duodenum to
pancreatic diabetes, their data on the function of the
duodenum and the effect of its removal are not com¬

plete. Most of the animals died shortly after opera¬
tion, and in instances in which the animal survived
the method was subjected to the criticism that not all
the duodenal mucosa was removed.
It should be noted that experiments dealing with the

short circuiting of any particular portion of the gastro¬
intestinal tract do not parallel those in which the same

portion has been surgically removed. For that reason
the experiments of Matthews should be classed with
those on intestinal obstruction and not of duodenec¬
tomy.

Since our investigation was started, three articles
on the subject have been published. L. R. and C. A.
Dragstedt, McClintock and Chase13 studied the effect
of duodenectomy in two series of dogs. In the first
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series a two stage operation was performed, and in the
second series a one stage operation. In the first series
one animal lived twelve days, and in the second, one
animal lived three months. None of the duodenecto-
mized animals, however, appeared to keep in good
condition.

Grey14 removed the duodenum in three stages, leav¬
ing an interval of several weeks between each stage.
One of his dogs survived all three operations (complete
removal of the duodenum), and remained in perfect
health for eight and one-half months.
Moorhead and Landes15 also used a three stage oper¬

ation for the removal of the duodenum. They were
able to remove the entire duodenum and to demonstrate
that dogs are able to live in perfect health after such
a procedure.
Dragstedt and his collaborators clearly showed that

a dog can survive duodenectomy, but their work is open
to the same objections as that of many of the earlier
workers, namely : The duodenectomy was complicated
by a loss of pancreatic, and, in some instances, of bili¬
ary function. As they suggest, this probably was the
cause of the failure of their animals to maintain health.
The results of Grey, one of whose animals lived the
longest after duodenectomy, and of Moorhead and
Landes, prove that duodenectomy is compatible with
life and perfect health in the dog for relatively short
periods.

TECHNIC

In the first experiments we attempted a two stage
operation for the removal of the duodenum. How¬
ever, as it was our intention to make extensive studies
of the gastro-intestinal tract and the various organs
after duodenectomy, it was soon seen that by the time
the second stage of the operation was performed the
many adhesions would greatly complicate our studies.
We attempted to devise a one stage operation by com¬

bining the two stage operation in one. We had a few
successes by this method. One animal survived forty-
one days, but in this case the pancreatic ducts were

ligated.
On account of these unfavorable results a new

method was developed, and two points were accom¬

plished: (1) The duodenectomy could be performed
quickly, and (2) all the other involved organs, such as

the bile duct, both pancreatic ducts, the pancreas and
the alimentary tract, were restored to correspond as

nearly as possible to the normal state. Briefly described,
the operation consists of four steps :

1. The dissection of the duodenojejunal fold, the mesoduo-
denum and the lesser omentum; and the ligation of the blood
vessels supplying the upper jejunum and duodenum.

2. The separation of the pancreas from the duodenum and
the isolation of the major pancreatic duct and the common

bile duct, together with the minor pancreatic duct.
3. The removal of the entire duodenum, with a portion of

the proximal jejunum and the distal pyloric portion of the
stomach.

4. The implantation of the bile duct and the minor and
major pancreatic ducts into the jejunum.
The technic described was developed on the dog, and,

with slight modifications, it was found to be adaptable
to several other species. The operation could usually
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be performed on the dog within from one and one-

quarter to one and one-half hours, never longer than
two hours. Several of the animals died as a result of
the operative procedures before we had developed our
technic. Others died from the results of intercurrent
disease. After our technic was fully developed, how¬
ever, practically all the animals lived.

RESULTS

Our results on dogs fully corroborate those of the
more recent investigators. The animals quickly recov¬
ered from the operation and, with a few exceptions,
have remained in excellent health. Their general con¬
dition has been good ; their weight usually has increased
or remained stationary. A few of the animals steadily
lost weight and strength after the operation. At
necropsy, or at exploratory operation on these animals,
a dilated common bile duct and marked infection of the
entire biliary tract were usually found. Evidently the
transplantation of the ducts did not restore a condition
sufficiently normal to prevent infection.
Examination of the blood to determine the cell

count, hemoglobin, carbon dioxid combining power
and hydrogen ion concentration did not reveal anything
abnormal.
Examination of the gastro-intestinal tract by the

roentgen ray, employing a standard barium meal,
showed only slight deviation from the normal. In
some instances, the barium left the stomach sooner
than in the normal dog, probably because of the loss of
the pyloric sphincter. At other times, it seemed that
the emptying of the stomach was slightly delayed and
chat the course of the meal was a little slower, but in
each instance this delay was not any greater than in
some of the normal animals. In general, however, no
difference was noted in the passage of the barium meal
in the duodenectomized and in the normal dogs.
Roentgenograms of the gastro-intestinal tract appeared
normal. Future studies may show some effect of duo¬
denectomy on the mechanics of digestion, but at pres¬
ent none have been noted.

REMOVAL IN OTHER ANIMALS

Up to this time all experimental duodenectomies,
with the exception of a few on the frog, had been done
on the dog. At the suggestion of C. H. Mayo, we

attempted to determine the effect of the operation on
other species, particularly on the herbivorous and
omnivorous animals.
The duodenum was removed from the cat. The

operation is easily performed on this species. It is
necessary to transplant only one pancreatic duct, that
wh,ich enters in conjunction with the common bile duct,
as the other duct is quite small.
The goat was selected as a suitable type of herbivor¬

ous animal. The operation is difficult in this species.
The duodenum is long; the length of intestine removed
measured about 90 cm. As the pancreatic duct empties
directly into the common bile duct, it is necessary to
transplant only the latter. The thin walls of the
jejunum make the anastomosis quite difficult.
The hog was selected as an omnivorous type of ani¬

mal. The removal of the duodenum is very difficult in
this species. As the bile and pancreatic ducts empty
separately, two transplantations must be made. For
expediency and in order to remove all the duodenum,
as in operating on the dog, it was found best to section
at the duodenojejunal juncture, invert the end of the
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jejunum, and unite the jejunum slightly more distally
to the end of the stomach.
The duodenum was also removed from the monkey

(Rhesus), its anatomy being similar to that of man.

It is necessary to transplant only one duct in this
species, since the minor pancreatic duct can be ignored.
We now have ten dogs, one goat and one hog from

which the duodenum has been removed. One of the
ten dogs was operated on six months ago. All the
animals, with the exception of one dog, are in good
condition.

SUMMARY

The investigation was undertaken for the purpose of
determining the effects of the removal of the duo¬
denum. A one stage operation for the removal of the
duodenum was developed. The duodenum was
removed from the dog, cat, hog, goat and monkey.
Careful studies on the dog did not reveal any noticeable
changes following the duodenectomy. The animals
remained in good condition. Examination of the blood
showed it to be normal with regard to cell counts,
hemoglobin, carbon dioxid combining power and
hydrogen ion concentration. The roentgen ray showed
the course of a standard barium meal to be practically
the same as in a normal dog. Experiments on the
other species have been too recent to allow conclusions
to be drawn, but it would seem that the removal of the
duodenum in the hog is as innocuous as its removal in
the dog. No data have been secured to show that the
duodenum is of great importance in any of the species
used. Future studies with particular reference to gas¬
tric secretion, etc., may give more positive results.

ABSTRACT OF DISCUSSION
Dr. W. M. L. Coplin, Philadelphia : Has the sugar metab¬

olism been affected?
Dr. Francis Caster Wood, New York: What was the time

required for such an operation?
Dr. Frank C Mann, Rochester, Minn. : I have studied

the evidence with regard to glycosuria in a very elementary
way. In the animals I examined the sugar matabolism
seemed to be normal. We made no tests, but the increase
in weight and the good general condition seemed to indicate
that there was no change. The operation is easily performed
on the cat; it can be done in an hour, but cats have not
nine lives from a surgical standpoint. They are the very
poorest animals on which to do experiments. The opera¬
tion can be done in one hour and a half oil the dog. It
takes longer when done on the goat and hog.

Cost of Blindness $31,000,000 Yearly.—It is estimated that
the total annual expense of the blind to the country approxi¬
mates $31,000,000. There are 70,000 blind persons in the
United States. Of this number 41,000 are absolutely depen¬
dent on others for support. Apart from the economic loss
caused by the removal of productive workers from the wage-
earning class, there is added a financial burden in direct
interest of the blind. A large item is the maintenance of
special schools for blind children. It takes far more to edu¬
cate the blind than the normal child. Including the expense
of institutions, library facilities, home teaching, the amount
soon approaches millions. Considering every phase of the
question of costs, it is estimated that the total annual
expense of the blind to the country approximates $31,000.000.
Fifteen million dollars can be saved annually by the united
efforts of education to avoid the many accidental cases of
blindness in the industries by the prevention of lost vision
caused by babies' sore eyes, measles, ulcers of the eyes,
scarlet fever, trachoma, occupational diseases, wood alcohol
poisoning, excessive use of alcohol and tobacco and uucor-

rected visual defects.

CLINICAL TYPES OF OCCUPATIONAL
DISEASES

STUDY OF METHODS FOR THEIR PREVENTION

LOUIS I. HARRIS, Dr.P.H., M.D.
Director, Bureau of Preventable Diseases, Department of Health

NEW YORK

More and more, physicians are beginning to appreci-
ate a marked change in the spirit of the times. It has
long been recognized that this is an era of great indus-
trial development, but up to the present time only a

relatively small number of physicians have discerned
the far-reaching influence which industrial develop-
ment is beginning to exercise on general medicine, sur-
gery and preventive medicine. It requires no special
gift of prophecy to foretell the time in the near future
when many physicians, who, during the last few years,
were wont to look on industrial hygiene and the study
of occupational diseases with good-natured indulgence,
or with more than a little of a certain air of conde-
scension, will very seriously have to consider the read-
justment of their practice to fit in with the needs of
industrial medicine. Whether as a result of health
insurance, or through a desire on the part of employers
to comply with the insistent demand of the working
people for effective protection of their health, it may
be stated with assurance that industrial hygiene, indus¬
trial surgery and industrial medicine are bound to
emerge clearly into view as most important special
branches of modern medicine.
In its efforts to prevent occupational disease, the

Division of Industrial Hygiene of the New York City
department of health, as organized up to Jan. 1, 1919,
received complaints from individuals and from labor
organizations, and requests for advice and counsel
from employers. These complaints and the requests
for assistance time and again led to many investiga¬
tions which brought us face to face with conditions
of great interest, and showed that there exist in fac¬
tories thousands of cases of illness which are either
ignored or unsuspected. The sources of danger to the
lives and health of workeî*s from various chemical
poisons and dusts, and from exposure to other hazards,
can only briefly be illustrated here by the citation of
several interesting experiences.

CARBON MONOXID POISONING

It came as a great surprise to those of us who are
interested in this work to find nearly every winter,
when windows and doors were closed

—

these being
practically the only means of ventilation in many estab¬
lishments—that a relatively large number of employees
would simultaneously become ill from time to time,
presenting a clinical condition which became fairly
familiar with repetition. A typical instance was one

relating to a factory situated on the three topmost
floors of a twelve story factory building, given over to
the manufacture of men's clothing. Of 125 employees,
seventy-three became suddenly ill at about 2 o'clock one

afternoon, and were seized with nausea and vomiting.
Practically all of them complained of headache, dizzi¬
ness and general weakness, which was particularly
marked in the legs. A number were overcome, and
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